A methanolic extract from the leaves of Piper nigrum L. showed a significant stimulatory effect on melanogenesis in cultured murine B16 melanoma cells. Activity-guided fractionation of the methanolic extract led to the isolation of two known lignans, (؊)-cubebin (1) and (؊)-3,4-dimethoxy-3,4-desmethylenedioxycubebin (2), together with a new lignan, (؊)-3-desmethoxycubebinin (3) . Among these lignans, 1 and 2 showed a significant stimulatory activity of melanogenesis without any significant effects on cell proliferation.
According to the increase of the elderly population, many people are afflicted with white hair. Thus, the market for hair-dye and anti-white hair agents are growing. White hair is caused by a genetic predisposition, aging, decrement of melanocytes by environmental stress, and decrement of the biosynthesis of melanin pigment, or melanogenesis. 1, 2) Hairdye agents are used for the treatment of white hair, and some anti-white hair agents are under development.
3) However, there remains some problems with these agents, such as insufficient activity and side effects due to the dyes. Thus, there is a need for safer anti-white hair agents exhibiting satisfactory melanogenesis activity and white hair prevention. Since a melanocyte reservoir exists in the human hair follicle, 1) it is considered that stimulation and/or activation of melanocyte in the hair follicle is a prospective means to prevent white hair. In the field of experimental melanogenesis studies, cultured murine B16 melanoma cells are widely used as a substitute model for human melanocytes. 4, 5) It has been reported that melanocyte-stimulating hormone and theophylline both enhanced pigmentation in murine melanoma cells. 5) For the development of white hair prevention agents, we carried out a screening program to find a potential stimulant of melanogenesis from natural resources by using cultured murine B16 melanoma cells with theophylline as a reference drug. During the course of our herbal screening, a methanolic extract obtained from the leaves of Piper nigrum L. (Piperaceae) was found to exhibit a significant stimulatory effect. Fruits of P. nigrum are widely used as a pungent spice, and their pungent component is an alkaloid, piperine. 6) Reported constituents of the leaves of P. nigrum include (Ϫ)-cubebin (1), (Ϫ)-3,4-dimethoxy-3,4-desmethylenedioxycubebin (2) , and (Ϫ)-3Ј,4Ј-dimethoxy-3Ј,4Ј-desmethylenedioxycubebin. 7) In this paper, we describe the activity-guided fractionation of P. nigrum leaf extract leading to the isolation of two active known lignans, 1 and 2, and a new lignan, (Ϫ)-3-desmethoxycubebinin (3) . The structural elucidation of 3 is also described.
MATERIALS AND METHODS
Materials P. nigrum leaves cultivated in Thailand were purchased from Thailand. The sample was identified by Prof.
M. Mizuno, Gifu Pharmaceutical University. A voucher specimen (Pi 119 L 22) is deposited at Kinki University. Synthetic melanin and 0.4 M HEPES buffer (pH 6.8) were purchased from Sigma-Aldrich Japan (Tokyo, Japan). Dulbecco's modified Eagle medium (D-MEM), Antibiotic-Antimycotic (a mixture of 10000 U/ml penicillin, 10000 mg/ml streptomycin sulfate, and 25 mg/ml amphotericine B), Dulbecco's phosphate buffered saline (Ca   2ϩ   -and Mg   2ϩ -free, CMF-D-PBS), and trypsin were purchased from Invitrogen Corp. (CA, U.S.A.). Fetal bovine serum (FBS) was purchased from ICN Biomedicals Co. (CA, U.S.A.). Theophylline, dimethyl sulfoxide (DMSO) and other organic solvents were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). TetraColor ONE assay kit was purchased from Seikagaku Co. (Tokyo, Japan). The following instruments were used to obtain physical data: optical density (OD): Shimadzu UV-2400PC, melting points: Yanagimoto micro melting point apparatus MP-500 (values are uncorrected), specific rotation: Jasco DIP-370, fast atom bombardment mass spectra (FAB-MS) and electron impact mass spectra (EI-MS): Shimadzu QP-1000 EX mass spectrometer, 1 H-and 13 C-NMR spectra: JEOL JNM-GSX 500 spectrometer with tetramethylsilane as an internal standard.
Cell Culture Cultured murine B16 melanoma cell lines (B16F1) were purchased from Dainippon Pharmaceutical Co., Ltd. (Osaka, Japan), and maintained in culture in D-MEM supplemented with 10% FBS and 1% Antibiotic-Antimycotic at 37°C in a humidified incubator in 5% CO 2 -95% air (CO 2 incubator). The murine B16 melanoma cell line (B16F1) purchased in July of 2001 was used for the experiments shown in Fig. 2 , and another murine B16 melanoma cell line (B16F1), purchased in November of 2002, was used for the experiments shown in Fig. 3 .
Melanogenesis Stimulation in

Measurement of Produced Melanin in Cultured B16 Melanoma Cells
The amount of melanin in cultured B16 murine melanoma cells was measured according to the method of Hill et al. 4) Briefly, cultured murine B16 melanoma cells (passage number 6) were trypsinized (0.25% trypsin and 0.1% EDTA at 37°C for 5-10 min). Cells (2ϫ10 4 cells/well in 1.9 ml of D-MEM) were inoculated with a pipette into 6-well plates (FALCON 353046, Becton Dickinson Labware, NJ, U.S.A.), and incubated for 24 h at 37°C in the CO 2 incubator. After 24 h incubation, 100 ml of each sample solution was added to each well in triplicate, and the 6-well plate was incubated for 4 d at 37°C in the CO 2 incubator. Test sample and theophylline were dissolved in DMSO/CMF-D-PBS (1 : 1, v/v), and then diluted with D-MEM to an appropriate concentration. The final concentration of DMSO was 0.1% or up to 0.5%. In the control group, DMSO/CMF-D-PBS (1 : 1, v/v) solution diluted with D-MEM to 0.1% or 0.5% of the final DMSO concentration was used instead of the sample solution. After incubation, the cultured medium was removed by a pipette, and assayed for extracellular melanin, as described below. The remaining melanoma cells were trypsinized (0.25% trypsin and 0.1% EDTA at 37°C for 5 to 10 min) and washed with 100 ml of CMF-D-PBS. Then, the cells were digested by the addition of 400 ml of 1 N NaOH, then left standing for 16 h at room temperature. The OD at 475 nm of the resulting solution was measured, and the amount of intracellular melanin was calculated by reference to a calibration curve obtained with synthetic melanin in 1 N NaOH. The cultured medium was centrifuged (700ϫg, 10 min at 4°C) to give a supernatant. One milliliter of a mixture of 0.4 M HEPES buffer (pH 6.8) and EtOH (9 : 1, v/v) was added to 1 ml of the supernatant. The OD at 475 nm of the resulting solution was measured, and the amount of extracellular melanin was calculated by reference to a calibration curve obtained with synthetic melanin in a mixture of 0.4 M HEPES buffer (pH 6.8) and EtOH (9 : 1, v/v).
Assay for Cell Proliferation Cultured murine B16 melanoma cells (passage number 6) were trypsinized (0.25% trypsin and 0.1% EDTA at 37°C for 5 to 10 min). Cells (1.5ϫ10 3 cells/well in 80 ml of D-MEM) were inoculated with a pipette into a 96-well plate (FALCON 353072, Becton Dickinson Labware, NJ, U.S.A.), and incubated for 24 h at 37°C in the CO 2 incubator. After 24 h incubation, 20 ml of each sample solution was added to each well in quintuplicate, and the 96-well plate was incubated for 4 d at 37°C in the CO 2 incubator. Sample solution and control group were prepared as described above. After incubation, cell viability was assayed by a TetraColor ONE containing a tetrazolium dye
Ten microliters of TetraColor ONE were added to each well. After 4 h, the OD at 490 nm of each well was measured by using a microplate reader (Polar Galaxy, BMG Lab Technologies, Offenburg, Germany). Percentage value of living cells in each well was calculated with respect to the OD value of living cells of the control group (100%).
Statistical Analysis Data points represented the mean values and standard errors (nϭ3 or 5). The experimental data were tested for statistical significance using Bonferroni/ Dunn's multiple range test method.
Extraction, Fractionation and Isolation The powdered dry leaves (100 g) of P. nigrum were extracted with MeOH (1 lϫ3 times) for 1 h under reflux. Combined extracts were evaporated under reduced pressure to give a methanolic extract (13.6 g). A part of the methanolic extract (12.8 g) was extracted with hexane (200 mlϫ3). The organic layer was evaporated to give a hexane soluble fraction (3.8 g). The hexane insoluble part was extracted with EtOAc (200 mlϫ2). The EtOAc insoluble part was suspended in H 2 O (100 ml) and extracted with EtOAc (100 mlϫ3). The EtOAc extracts were combined and evaporated to afford an EtOAc soluble fraction (4.1 g). The aqueous layer was evaporated and then followed by lyophilization to give a water soluble fraction (3.9 g). Melanogenesis stimulation activity of each extract was assayed ( The column was eluted with hexane and EtOAc in increasing proportions and monitored with TLC (hexane/EtOAc, 1 : 1). Fractions (hexane/EtOAc, 1 : 1, 106 mg) that showed a single spot of Rf-value 0.6 on TLC were collected and evaporated. The residue was recrystallized from benzene-hexane to afford 1 [7] [8] [9] [colorless needles, mp 125-128°C, Table 1,  13 C-NMR: Table 2 , isolation yield, 62 mg, 0.07% from leaves]. The EtOAc soluble fraction (3.83 g) was submitted to chromatography over 240 g of silica gel column (4.5ϫ30 cm). Elution with hexane, EtOAc and MeOH in increasing proportions gave 100 chromatographic fractions of 100 ml each. TLC (hexane/EtOAc, 1 : 1) analysis of the collected fractions allowed us to assemble them into the follow-ing 10 fractions (Fr. E-A to E-J). The MSA of each fraction was assayed as described above. Table 2 ]. On the basis of comparison of the physicochemical data of 1 and 2 with those of the reported data, [7] [8] [9] [10] [11] [12] [13] [14] 1 and 2 were identified as (Ϫ)-cubebin and (Ϫ)-3,4-dimethoxy-3,4-desmethylenedioxycubebin, respectively. The comparisons of 1 H-and 13 C-NMR spectral data of 1 with the reported data 11, 13, 14) are shown in Tables 1 and 2 , respectively. From analysis of the 1 H-and 13 C-NMR spectral data (Tables 1, 2) for 1 and 2, it was found that these lignans were obtained as a mixture of a-isomer and b-isomer, as previously reported for the dibenzylbutyrolactol class of lignans. 11, 12, 14, 15) On the basis of the signal integral value of 9b-H shown in Table 1 , the ratios of a-isomer and b-isomer of 1 and 2 in CDCl 3 solution were 60 : 40 and 65 : 35, respectively.
RESULTS
Structural Elucidation of 3
The IR spectrum of 3 indicated the presence of a hydroxyl group (3400 cm Ϫ1 ). The molecular formula C 23 H 30 O 7 of 3 was determined by a positive-ion high resolution FAB-MS measurement. As to NMR spectral analysis, it is noted that the dibenzylbutyrolactol lignans, such as 1 and 2, afforded characteristic NMR spectra, since it has been reported 11) that these lignans exist as an equilibrium mixture of a-isomer and b-isomer in solution accompanied with a mutarotation. According to the literature, 11 ) the ratios of a-isomer and b-isomer of 1 were 60 : 40 and 65 : 35 in chloroform and methanol, respectively. Thus, recent reports concerning the structural elucidation of dibenzylbutyrolactol lignans based on 1 H-and 13 C-NMR spectra taken in CDCl 3 solution described that these lignans exist as a mixture of a-isomer and b-isomer. 11, 12, 14, 15) As shown in Table 1 , the ratio of a-isomer and b-isomer of 1 in CDCl 3 solution based on the signal integral value of one (9b-H) of the methylene protons was 60 : 40, in accordance with the reported ratio (60 : 40) of 1 in CHCl 3 solution.
11) Compound 3 gave the characteristic 1 H-, 13 C-NMR and C-H COSY spectra, indicating that 3 was a mixture of a-isomer and b-isomer as well as 1 and 2. The ratio of a-isomer and b-isomer of 3 based on the signal integral value of the 9b-H proton was 60 : 40, as shown in Table 1 . Thus, we assumed that 3 belongs to a class of dibenzylbutyrolactol lignan. C-NMR spectral data of 3 with those of 1 and 2, in addition to comparison with the reported data for 1, 13, 14) cubebinin (4), 15) and clusin (5). 13) The stereochemistry at the C-8, C-8Ј, C-9 and C-9Ј positions of 3 was also deduced from 1 H-and 13 C-NMR spectral comparisons. As shown in Tables 1 and 2 , chemical shifts and coupling constants of signals of 3 attributable to the tetrahydrofuranol moiety (C-8, C-8Ј, C-9, C-9Ј carbons and 8-H, 8Ј-H, 9-Ha, 9-Hb, 9Ј-H protons) were very similar to those of 1 and 2. The hemiacetal proton (9Ј-H) of 3 appeared as a set of signals, namely, a singlet at d 5.25 and a doublet at d 5.27 (Jϭ4.6 Hz), integrating in total for one proton, as in the case of 1 and 2. As to the substituted position of two substituted benzyl moieties in a dibenzylbutyrolactol class of lignans, EI-MS spectral data have been informative in the structural determination, because it has been noted that C 7 -C 8 fission is preferable to C 7Ј -C 8Ј fission in the EI-MS spectra of lignans belonging to the dibenzylbutyrolactol class. 10) In fact, a fragment ion produced by C 7 -C 8 fission was observed at m/z 203 [corresponding to M ϩ (m/z 372)Ϫ18 (H 2 O)Ϫ151 (3,4-dimethoxybenzyl ion)] with 16% relative intensity in the EI-MS spectra of 2, whereas a fragment ion produced by C 7Ј -C 8Ј fission observed at m/z 219 [corresponding to M ϩ Ϫ18Ϫ135 (3,4-methylenedioxybenzyl ion)] had 5% relative intensity. In the EI-MS spectra of 3, a fragment ion produced by C 7 -C 8 Stimulation of Melanogenesis in Cultured B16 Melanoma Cells Melanogenesis activity in the cultured murine B16 melanoma cells is closely related to the amount of produced melanin which is estimated from the sum of the amount of melanin retained in the cells (intracellular melanin) and that excreted into the cultured medium (extracellular melanin). Thus, we evaluated melanogenesis activity on the basis of the sum of the amount of intracellular and extracellular melanin. According to the method of Hill et al., 4) the amounts of intracellular and extracellular melanin were determined separately. The sum of the amount of melanin was calculated by the addition of both average melanin amounts, and was represented without statistically standard errors. Cell proliferation of the treated group was compared with that of the control group. The stimulatory effect of the P. nigrum leaf extracts on melanogenesis in murine B16 melanoma cells and the effect on cell proliferation are shown in Figs. 2 and 3 . The methanolic extract exhibited significant activity, as shown in Fig. 2 . Fractionation of the methanolic extract gave the following three fractions: the hexane soluble fraction, the ethyl acetate soluble fraction and the water soluble fraction. Among them, the hexane soluble fraction and the ethyl acetate soluble fraction exhibited significant activity, whereas the water soluble fraction was inactive, as shown in Fig. 2 . Theophylline, a reference drug, enhanced pigmentation, but the drug did not show any significant effects on cell proliferation, as illustrated in Fig. 2 . Activity-guided chromatography of the active fraction led to the isolation of two known lignans, 1 and 2, along with a new lignan 3.
The melanogenesis activities of the isolated lignans are shown in Fig. 3 . Compounds 1 and 2 significantly increased melanin production, whereas the activity of 3 was very weak.
DISCUSSION
During our screening project, it was found that a methanolic extract obtained from leaves of P. nigrum showed a significant stimulatory effect on melanogenesis in murine B16 melanoma cells without any significant effects on cell proliferation, as shown in Fig. 2 . Fruits of P. nigrum contain piperine as a main constituent, but HPLC analysis revealed that the piperine content in the dry mature leaves of P. nigrum was 0.00007%. 6) Although stimulation of murine melanocyte proliferation by P. nigrum fruit extract and piperine was reported, 16) stimulation of melanogenesis by P. nigrum leaf extract has not been examined hitherto. Since we could not detect piperine in the methanolic extract of P. nigrum leaf by TLC analysis, in accordance with its poor piperine content, 6) it was assumed that the stimulatory effect of the extract on melanogenesis is not attributable to piperine. Fractionation of the extract gave three fractions, as described in the experimental section. The results of the evaluation of melanogenesis activity of these fractions are shown in Fig. 2 . The hexane soluble fraction and the ethyl acetate soluble fraction exhibited significant activity.
Activity-guided chromatography of the active hexane soluble fraction led to isolate 1. From the active ethyl acetate soluble fraction, two known lignans, 1 and 2, were obtained along with a new lignan 3. Two lignans (1, 2) were already isolated from P. nigrum leaves.
7) The melanogenesis activities of these lignans were examined. As shown in Fig. 3, 1 and 2 significantly increased the melanin production, whereas the activity of 3 was very weak, but these lignans did not enhance cell proliferation compared with the control group, except 2 at 3 mM. The activity of 1 was superior to that of 2. Considered with the isolation yield of 1 and 2 from the leaves, the melanogenesis stimulatory activity of P. nigrum leaves is attributable to these lignans. Analgesic, 12) anti-inflammatory, 17) and trypanocydal 18) activities of 1 and its re- lated lignans have been previously reported, but the melanogenesis stimulatory activity of 1 was found here for the first time. In conclusion, it is considered that the leaves of P. nigrum and its active constituents may be useful ingredients of the cosmetic for prevention of white hair.
